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SPECIFICATION OF THE IN-SERVICE INVENTION 



[Title of the Invention] 
5 STRUCTURE OF EMBEDDED SYSTEM IMPROVING DISPLAY 

PERFORMANCE 



[Background of the Invention] 

The present invention relates to a structure of an embedded system enabling 
high-definition display using the minimum performance of the embedded system. 
According to the present invention, high-definition display may be realized without 
reducing performance of the embedded system by separately including a memory and a 
data bus for data processing and a memory and a data bus for data display, including a 
direct memory access (DMA) module which transmits and receives data to and from 
each of the memories, and accessing the memories by the processor. 



[Description of the Related Art] 
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<FIG. 1.1> STRUCTURE OF CONVENTIONAL EMBEDDED SYSTEM 

FIG. 1.1 is a diagram showing a structure of a conventional embedded system. 
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In the conventional embedded system, Main Memories A and B are connected to 
one data bus. 

Since all modules are connected to one data bus, if data input and output occur 
frequently, the performance of the system depends on the performance of the data bus. 
Thus, a plurality of modules and processors may not read or write data as frequently as 
they can and thereby the performance of the system reduces. To solve this problem, 
bus speed may be increased. However, the bus speed may not be increased up to a 
sufficient level, power consumption increases if the system operates at high speed, and 
the system has to be designed in consideration of each module to be operated at high 
speed. 



[Detailed Description of the Invention] 
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<FIG. 2.1> INVENTED STRUCTURE OF EMBEDDED SYSTEM 
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<FIG. 2.2> PROCESSOR DATA PATH MODULE OF INVENTED STRUCTURE OF 
EMBEDDED SYSTEM 



5 FIG. 2.1 is a diagram showing a structure of an embedded system according to 

ah embodiment of the present invention. 

Referring to FIG. 2.1, two data buses such as Data Buses A and B are included 
in the embedded system. Data Bus A is connected to a processor, a peripheral 
module, and an external storage module and Data Bus B is connected to a display 

10 module. 

Each data bus includes a bus control logic. Data Buses A and B operate 
independently. 

The external storage module connects an external memory device such as a 
flash memory device, a read-only memory (ROM) device, and a static random access 

15 memory (SRAM) device to an internal data bus such as Data Bus A. The peripheral 
module connects a peripheral device such as a universal asynchronous 
receiver/transmitter (UART), a universal serial bus (USB) device, an external 
input/output (I/O) device to an internal data bus such as Data Bus B, 

A two-dimensional (2D) graphic accelerator module supports the processor by 

20 using hardware for a few commends to be executed by software and thereby allows an 
operating system (OS) to be operated at higher speed, when 2D graphic images are 
processed by the OS. 
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A bridge DMA module transfers data stored in Main Memory A connected to Data 
Bus A to Main Memory B connected to Data Bus B or transfers data stored in Main 
Memory B to Main Memory A. Since the bridge DMA module directly performs 
memory access, the data is transferred without being input to or being output from the 
5 processor. 

A processor data path module allows the processor to randomly read or write the 
data stored in Main Memory B, 

A display module reads the data stored in Main Memory B and displays the data 
to fit to display size. 

10 A Bus Control Logic controls requests of modules for using Data Bus A and 

controls Main Memory A. B Bus Control Logic controls requests of modules for using 
Data Bus B and controls Main Memory B. 

FIG. 2.2 is a detailed diagram of the processor data path module. 
In order to read or write data, the processor generates address and control 
15 signals. Since Main Memories A and B are included in the embedded system and are 
respectively connected to Data Buses A and B which operate independently, the 
processor may not be connected directly to Main Memories A and B. 
Main Memories A and B are separated by the address signal. 
A mux controls whether to access to Main Memory A or Main Memory B by 
20 receiving the address signal. 

If the address signal output from the processor belongs to Main Memory A, the 
mux connects the address and control signals to A Bus Control Logic and data may be 
read from or written to Main Memory A under the control of A Bus Control Logic. Since 
the processor is connected to Data Bus A as illustrated in FIG. 2.1, the data may be 
25 read from or written to Main Memory A without any additional device. 

If the address signal output from the processor belongs to Main Memory B, the 
mux connects the address signal to Date Bus B. 

Since Data Bus B operates at different speed from the data I/O speed of the 
processor, data may not be directly read from or written to Main Memory B and a buffer 
30 has to be internally included. In order to write data into Main Memory B, the mux 
checks whether the buffer is empty. If the buffer is empty, the buffer sends a control 
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signal to output the data to the processor. If the processor outputs the data, the buffer 
stores the data and sends a request for using Data Bus B to B Bus Control Logic in 
order to access to Main Memory B. If B Bus Control Logic allows using the Data Bus B, 
the data stored in the buffer is written to Main Memory B. 

5 In order to read data from Main Memory B, the mux sends a control signal to the 

buffer and checks if the buffer is full. 

The buffer receives a read signal and sends a request for using Data Bus B to B 
Bus Control Logic in order to read the data stored in Main Memory B. If B Bus Control 
Logic allows using the Data Bus B, the data stored in Main Memory B is read and 

10 written to the buffer. If the data is completely written to the buffer, the buffer sends a 
buffer full message to the processor and the processor reads the data of the buffer. 

As such, the processor may read or write data from or to Main Memories A and 

B. 

When the system is operated, operation of each module will now be described as 

15 below. 

First, when the system is booted, the processor operates by reading a set of 
instructions from Main Memory A. 

The processor processes 2D graphic images to be displayed. The processor 
analyzes the instructions, gives an instruction to the 2D graphic accelerator module to 
20 write display data into the Main Memory B for operations which can be performed by the 
2D graphic accelerator module, and writes data into Main Memory B through the 
processor data path module for operations which can not be performed by the 2D 
graphic accelerator module. 

With respect to a different type of data such as video data which is not graphic 
25 data, the data stored in Main Memory A is transferred to Main Memory B by using the 
bridge DMA module so as to be displayed. In order to process data stored in Main 
Memory B by a certain application, the data may be transferred to Main Memory A by 
using the bridge DMA module. 

By using the above-described method, display data is transferred to Main 
so Memory B and the display module reads and displays the data from the Main Memory B. 
The processor uses Main Memory A for other data processing. 



As described above, by separating memory for displaying data, although display 
size is increased and thus amount of display data is also increased, the memory 
bandwidth used by a processor is not affected by the display data. Accordingly, the 
performance of the processor may be maximized. 

A display module is also designed separately so that the entire system may not 
be designed to operate at high speed as long as the display module is designed to 
operate at high speed. Furthermore, a memory bandwidth exclusively for data display 
may be set regardless of the processor and a variety of memories may be used, 

[Claims] 

1 . A structure of a system including a processor, the system comprising a 
memory and a data bus for data processing and a memory and a data bus for data 
display, wherein each of the memories or data buses operates independently, data of a 
memory is transferred to the other memory by using bridge DMA, and the processor can 
access the memories which operate independently. 

2, The structure of claim 1 , wherein the system comprises a processor data 
path module which can access the data buses by using an address signal output from 
the processor. 

[Brief Description of the Drawings] 

FIG. 1 .1 is a diagram showing a structure of a conventional embedded system. 

FIG. 2.1 is a diagram showing a structure of an embedded system according to 
an embodiment of the present invention. 

FIG, 2.2 is a detailed diagram of a processor data path module of the embedded 
system illustrated in FIG, 2.1. 
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Document 3 for U.S. Application No. 10/758,040 



(Local Individual Bill on Time Charge) 
□ Official 
■Temporary 

Reception: Intellectual Property Team, 

Digital Media Lab 
Dispatch: Y.P, Lee, Mock & Partners 

(T/C Manager: Park So Young) 
Title: Demand for Local (□Application □Examination 
□ Registration □ Judgment) Payment 





Date of 
Demand 




1 . Bibliographic Details 


Number in Our 
Office 


SH011021 


SEC Ref No. 


AF-20021 0-006-1 



Common 
Details 


Title of 
Invention 




Application 
No. 


I Representative 
I Inventor 


Ch C n9 I Grade I A 



2. Details of Bill on Time Charge 



Date 


Details 
(Items in Contract) 


Person in 
Charge 


Rate 


Time 


Price (won) 


12 

December 
2002 


Examination on In-Service 
Invention Report 


Lee Jang ! 
Hyuk 




2:00 




12 

December 
2002 


Compare and Review In-Service 
Invention and Prior Art 


Lee Jang 
Hyuk 


2:00 




13 

December 
2002 


Interview with Inventor 


Lee Jang 
Hyuk 




0:30 




20 

December 
2002 


Prepare Draft of Specification 


Lee Ja ng 
Hyuk 




7:00 




21 

December 
2002 


Prepare Draft of Specification 


Lee Jang 
Hyuk 




7:00 


( 


23 

December 
2002 


Prepare Draft of Specification 


Lee Jang 
Hyuk 




2:00 




24 

December 


Prepare Draft of Specification 


Lee Jang 
Hyuk 




7:00 
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2002 












30 

December 
2002 


Prepare and Review Draft of 
Drawing 


Lee Jang 
Hyuk 




7:00 




31 

December 
2002 


Prepare Draft of Specification 


Lee Jang 
Hyuk 




2:00 




Total 






36:30 
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Document 4 for U.S. Application Ho, 10/758,040 



Request for Reviewing Draft Application 
(Returning Document) 



Reception 
(department which 
invented Invention) 


Mobile Solution Group, Choi Sung Kyu 


Dispatch 
(Patent Department) 


3608, Lee Jong Won, Intellectual Property Team, 
Digital Media Lab 


In-Service Invention 
Receipt No. 


AF-20021 0-006-1 


Title of In-Service 
Invention 


Structure Capable of Improving Display Performance in Embedded System 


Title of Application 


Apparatus and Method of Connecting Processor Bus 




[Opinion of Inventor upon Examining Draft] 




(Examiner: ) / (Date of Examination: ) 


[Opinion of Patent Depa 


tment upon Examining Draft] 

(Examiner: ) / (Date of Examination: ) 


[Opinion of Office upon Writing Draft] <Office Management No.: SH01 1021 > 


Interview with Inventor: Done (V) Not Done ( ) Discussion over Phone ( ) 

{Drafter: Lee Jang Hyuk/Proof Reader: Kim Yu Fti) / (Date: 4 January 2002) 
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Document 5 for U.S. Application No. 10/758,040 

<#> Particulars of Korean Application (Abstracted Translation) 

© Title of the Invention: Structure Capable of Improving Display Performance in Embedded System 



© Inventors (Korean) 



Name 


Na Characters eSe ReJfion Phone Number 
Number 


Mobile Number 


Representative 


Present Department 


Invention 
Ownership (%) 


Address (Home) 


Choi Sung Kyu 


I 680412-1026116 | 82-331-200-3163 




Y 


Mobile Solution Group (DM Lab.) 


100% 


1208/206, DongShin Apt., Mujigae Maeu'l Apt., Choong2-Dong, 
Wonmi-Gu, Bucheon-City, Kyunggi-Do, Seoul 



© In-Service Invention 

Prepared Date: 15 October 2002 

Patent Department Receipt Date: 16 October 2002 

Invention Classification: Self-Invented 



© Prior Art Research 
Request Date: 16 October 2002 
Research Company: KIPRIS 

© Inven tion Evaluation 



Inventor 


Date 


15 October 2002 


Grade 


A 


Director 


Date 


16 October 2002 


Grade 


A 


Person in Charge 
of Application 


Date 


4 November 2002 


Grade 


A 


Evaluation 
Committee 


Date 


6 November 2002 


Grade 


A 
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© Authorization I nformation 



First Authorization 
to Attorney 


Local/Foreign Application 


Authorization Date 


11 November 2002 


© Draft Information 


* Person in Charge of Local Drafting Office: Lee Jang Hyuk 


First Report on Draft | 6 January 2003 | 


First Reply on Draft 


16 January 2003 
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Document 8 for U.S. Application Ho, 10/758,040 



© In-Service Invention/Application File 



Receipt Date 


AF-2002 10-006-1 


Application 
No. 




Registration 
No. 




Inventors 


Choi Sung Kyu 


Person in 
Charge of 
Application 


Lee Jong 
Won 


Progressing 
State 


Report on 

Draft 
Examination 


Title of 
Invention 


Structure Capable of Improving Display Performance in Embedded System 



Date 


Dispatch 
Date 


Receipt 
Date 


Registrant 


Affair 


Title 




16 
January 
2003 


16 
January 
2003 


16 
January 
2003 


Lee Jong 
Won 


Report on 

Draft 
Examination 


Report on Draft 
Examination - With 
Revision 


1 


6 January 
2003 


6 January 
2003 


11 

January 
2003 


Lee Young 
Pil 


Draft 


Draft Document 


1 


11 

November 
2002 


11 

November 
2002 


11 

November 
2002 


Lee Jong 
Won 


Authorization 
to Attorney 


Structure Capable 
of improving 

Display 
Performance in 
Embedded System 


0 


22 
October 
2002 


22 
October 
2002 


8 

November 
2002 


KIPRIS 


Receive 
Result of 
Research on 
Prior Art 


Structure Capable 
of Improving 
Display 
Performance in 
Embedded System 


1 


16 
October 
2002 






Choi Sung 
Kyu 


In-Service 
Invention 


In-Service 
Invention 


1 


16 
October 
2002 


16 
October 
2002 


17 
October 
2002 


Lee Jong 
Won 


Request 
Research on 
Prior Art 


Research on Prior 
Art 


0 
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© Affair/File Reference 



Affair 


Report on Draft Examination 


Date 


16 January 2003 


Dispatch Date 


16 January 2003 


Receipt Date 


16 January 2003 


Title 


Report on Draft Examination - With Revision 


Opinion 





File Name 


File Description 


AF-200210-006-1.gul 





